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Astragalus membranceus,Magnolia officinalis and Panax notoginseng, are fundamental herbs in traditional Chinese medicines and are in great
demand. Optimum conditions for seed germination and seedling growth were investigated to increase baseline knowledge of these three
valuable species. The optimum temperature for seed germination of A. membranaceus and P. notoginseng was 10 °C. The highest germination
ofM. officinalis seeds occurred between 15 and 25 °C. Seeds of all three species showed better germination under light conditions than in the dark.
Seedlings of A. membranaceus and P. notoginseng showed the best growth at higher levels of nutrient [25% and 50% Hoagland's nutrient solution
(HS)]. In contrast,M. officinalis seedlings showed the best growth response at a low nutrient level (10% HS). This study indicated that supplemen-
tary nitrogen to A. membranaceus seedlings and potassium to M. officinalis and P. notoginseng seedlings can improve seedling quality/growth.
Smoke-water markedly improved both seed germination and seedling growth of A. membranceus at normal growth conditions. Smoke-water
can be a useful tool in Good Agriculture Practice of some important Chinese medicinal plants.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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The World Health Organization (2001) has reported that
there are 800 manufacturers of plant-based products in China,
with a total annual output of US$ 1.8 million. More recently
(2009), the Traditional Chinese Medicine (TCM) export was
phenomenal and reached a record of US$ 2.3 billion, of
which 62% was due to herbal extracts (www.suzhousino.
com). It is apparent that due to an increasing market, fundamen-
tal medicinal herbs such as Astragalus membranaceus (Fisch.)
Bunge (Huangqi), Magnolia officinalis Rehd. Et Wils⁎ Corresponding author. Tel.: +27 33 2605130; fax: +27 33 2605897.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
0254-6299/$ -see front matter © 2011 SAAB. Published by Elsevier B.V. All right
doi:10.1016/j.sajb.2011.11.004(Houpo) and Panax notoginseng (Burk.) F.H. Chen (also re-
ferred to as Panax pseudoginseng) (Sanqi) are in high demand.
A. membranaceus is very popular for its vital-energy tonify-
ing, diuretic, abscess-draining and tissue generative actions
(Cho and Leung, 2007). It is mixed with angelica and ginseng
to treat cancers, diabetes, kidney infections, strokes and many
other ailments (Chen and Gao, 2007; Li et al., 2007; Zhang et
al., 2006). It is also extensively used as a tonic to strengthen
the immune system (Anonymous, 2003; Kusum et al., 2004;
Liu et al., 2004; Yin et al., 2004). It has become a popular me-
dicinal plant in North America and has recently been cultivated
in Saskatchewan and other parts of the world (www.
agriculture.gov.sk.ca).
M. officinalis is another important plant. Its bark is widely
used in TCM to treat cough, colds, fever, chronic bronchitiss reserved.
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bark has anti-inflammatory, anti-tumor and neuro-protective
properties (Lee et al., 2009; Lin et al., 2007; Shen et al.,
2009; Xu et al., 2008; Yin et al., 2009). The bark and flower
buds of M. officinalis are exported by China to other Asian
countries at a high price. The wild populations of M. officinalis
are endangered and the current supply for commercial purposes
is from cultivated plants (Callaway, 2005). Seeds provide the
easiest method to propagate magnolias (Callaway, 2005).
P. notoginseng is a famous herb used in TCM, being the
principal component in Yun-Nan-Bai-Yao, a well known he-
mostatic proprietary herbal remedy, and Fu-Fang-Dan-Shen-
Pian (Compound Salvia Tablet), a formula used for coronary
heart disease. The root is used to treat hyperlipemia and chronic
infectious hepatitis (Wang et al., 2006). Ginseng saponins (gin-
senosides), ginseng polysaccharides and flavonoid glycosides
are its major bioactive metabolites. For example, ginsenosides,
one of the most important bioactive compounds, is attributed
with immunological, anti-fatigue, hepato-protective, and anti-
cancer functions (Han and Zhong, 2002). The ever-increasing
demand for P. notoginseng in the international market has
resulted in wild plants becoming rare and the supply exclusive-
ly depends on field cultivation. Although plant cell cultures
have been explored for rapid and efficient production of its ac-
tive ingredients, particularly the ginseng saponin and polysac-
charide (Han and Zhong, 2002), they cannot substitute for the
P. notoginseng plant used in TCM. Thus, seed propagation ap-
pears to be more promising and cost-effective for mass
production.
The global demand for Chinese medicinal plants is growing
at a phenomenal rate. In terms of quantity, China can hardly
meet this increasing market demand. Wild harvesting of these
medicinal plants is generating huge pressure on existing popu-
lations. A Good Agriculture Practice (GAP) program has been
introduced in China for sustainable cultivation and utilization
of these medicinal plants. Although many medicinal plant spe-
cies are extensively cultivated, an approach to test seed germi-
nation and growth requirement of seedlings is not well
established. To assure successful operation of GAP, under-
standing of seed germination and seedling growth requirements
is essential before large-scale plantations are planned. General-
ly, the medicinal plants investigated in this study are propagat-
ed from seed, but there is no clear germination information
available in the scientific literature. This study was conducted
to scientifically evaluate the requirements of seed germination
and seedling growth and to test the effects of smoke-water
and smoke-derived butenolide (3-methyl-2H-furo[2,3-c]pyran-
2-one) on these globally-traded medicinal plant species.
2. Materials and methods
2.1. Seeds
2.1.1. Seed collection
A. membranaceus seeds were collected from Hebei Province
of China.M. officinalis and P. notoginseng seeds were collected
from Hubei and Yunnan Provinces respectively. Seeds of thesespecies were collected between November and December 2009.
These seeds were cleaned and stored in plastic containers at
10 °C, until they were used for the experiments.
2.1.2. Seed viability
The seed viability of these medicinal plants were tested
using 2,3,5-triphenyl tetrazolium chloride (TTC) solution as de-
scribed by the International Seed Testing Association (1999).
The seeds of A. membranaceus and M. officinalis have thick
coats and therefore before subjecting them to viability tests,
the seeds were allowed to imbibe water on moist filter paper
(Whatman No.1) in a Petri dish. After imbibing for 3 days, a
vertical slit was made in the seed coat using a razor blade to ex-
pose the endosperm. The seeds were subsequently soaked in
1% TTC solution for 4 days in a glass vial under dark condi-
tions at 25±0.5 °C. P. notoginseng seeds were directly soaked
in 1% TTC solution for 3 days as mentioned above. A red-
stained endosperm and embryo were used as an indication of
seed viability. This test had four replicates of 10 seeds each.
2.1.3. Seed moisture content and imbibition
Seed moisture content was determined by placing seeds in
an incubator at 110 °C. When the seeds had dried to constant
mass, the moisture content was calculated (Kulkarni et al.,
2007).
The procedure for the imbibition experiment was the same
as described by Kulkarni et al. (2007). Seeds were placed on
two filter discs (Whatman No.1) moistened with 4.5 ml distilled
water in 9 cm disposable plastic Petri dishes at 25±0.5 °C. At
each time interval (2, 4, 8, 24, 48, 72 and 96 h) the seeds
were removed from the Petri dishes, blotted dry, weighed and
then replaced. Percentage increase in seed weight was calculated.
Initial seed moisture content is presented at 0 h. There were four
replicates of 10 seeds each.
Seed moisture content was calculated based on fresh weight:
(% moisture content)= (fresh weight−dry weight)/fresh
weight×100 (Moyo et al., 2009). Percentage water uptake
was calculated based on actual increase in seed mass over the
initial seed mass (Hidayati et al., 2001): %Ws= [(Wi−Wd) /
Wd]×100, where Ws= increase in mass of seeds; Wi =mass of
seeds after a given interval of imbibition; and Wd= initial
mass of seeds.
2.1.4. Seed germination
Seed germination experiments were conducted using 9 cm
disposable plastic Petri dishes. The seeds of all three species
were decontaminated with 0.1% mercuric chloride for 5 min
and then thoroughly rinsed with distilled water. The seeds
were placed on two Whatman No.1 filter discs moistened either
with water (control) or with the test solutions. Filter papers
were kept moist with the respective solutions throughout the
experiment. Four replicates of 25 seeds each were used in
these experiments. Seeds were subjected to different tempera-
tures [constant 10, 15, 20, 25, 30, 35 °C and alternating 30/
15 °C (16:8 h)] under 16:8 h light:dark and constant dark
(Petri dishes were wrapped in aluminum foil) conditions to de-
termine optimum germination requirements. In all plant growth
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Fig. 1. Water uptake by seeds of the three study species at room temperature
(25±0.5 °C) under alternating light conditions. Initial water (moisture) content
of seeds is plotted on 0 h.
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4.5 μmol m−2 s−1 provided by cool-white fluorescent lamps.
Germination was recorded daily. The germination for constant
dark conditions was recorded under a green ‘safe light’. Seed
was considered to be germinated when the radicle protruded
more than 2 mm. Plant growth regulators such as gibberellic
acid (GA3), kinetin, potassium nitrate (KNO3), indole-3-acetic
acid (IAA), indole-3-butyric acid (IBA) and naphthalene acetic
acid (NAA) were tested at 10−5 M concentration. Generally,
this concentration is effective in promoting seed germination
of a number of plant species and therefore it was tested in this
study. Smoke-water was prepared according to the method of
Baxter et al. (1994). The dilution of smoke-water tested for
these experiments was 1:500 v/v. A biologically active buteno-
lide (3-methyl-2H-furo[2,3-c]pyran-2-one) compound was iso-
lated from plant-derived smoke-water according to the
method of Van Staden et al. (2004) and a concentration of
10−7 M was tested. Newly found active compounds in smoke
are now classified as plant growth regulators (Chiwocha et
al., 2009).
The optimum temperature for germination was determined
based on constant temperatures using the formula: To=Σ tp/
Σp, where To is the optimum temperature for germination,
and p is the percentage germination at temperature t (Olff
et al., 1994). Mean germination time (MGT) was calculated
according to the equation of Ellis and Roberts (1981):
MGT=Σ (n×d)/N, where n=number of seeds germinated on
each day, d=number of days from the beginning of the test,
and N=total number of seeds germinated at the end of the ex-
periment. The germination rate was calculated by a modified
Timson index: Germination rate (% d−1)=Σ [(G1/t)+ (G2/t)+
(G t/t)] where G is the percentage of seed germination at 1-day
intervals, and t is the total number of days of the germination
period (Easton and Kleindorfer, 2009).
2.1.5. Effects of nutrient level and deficiency on seedling
growth
These trials were conducted to test the effect of nutrient
levels and deficiency of major macro-elements such as nitrogen
(N), phosphorus (P) and potassium (K) on seedling growth.
Seeds of these medicinal plant species were germinated at
20 °C in the plant growth chamber as described earlier. The
uniform seedlings, which developed after 20 days in the Petri
dishes were transplanted into 12 cm pots containing acid-
washed quartz sand. Each pot consisted of five seedlings with
six replicate pots per treatment. These pots were placed in a
greenhouse at 22±2.5 °C with average daylight hours PPFD
of 350±25 μmol m−2 s−1. Hoagland's nutrient solution (HS)
(Hoagland and Snyder, 1933) was tested at 10%, 25% and
50% to determine the nutrient level requirements of the seed-
lings. Seedlings were treated with these solutions (50 ml)
twice weekly for 35 d. The deficiency of nutrients was studied
by eliminating N, P or K from the half-strength (50%) HS solu-
tion (control). These treatments are represented as −N, −P and
−K, respectively. Seedlings were treated with these solutions
(50 ml) twice weekly for 45 days. At the end of the trials, the
seedlings were harvested and shoot and root length, numberof leaves, number of roots, leaf area, shoot and root fresh
weight and shoot and root dry weight were measured.
2.1.6. Effect of smoke-water on seedling growth
In this experiment, uniform seedlings which developed after
20 days in the Petri dishes were transplanted into 12 cm pots
containing a soil mixture [compost, bark, LAN (limestone am-
monium nitrate) and NPK (2:3:2) in a ratio of 15:3:0.5:0.5 (by
volume), respectively]. The pots were placed in a greenhouse
under the same conditions as above. Control pots were irrigated
thrice weekly with 50 ml of tap water. The treatment pots were
supplied twice weekly with 50 ml of smoke-water dilution of
1:250 or 1:500 v/v and once weekly with 50 ml tap water for
49 days. At the end of the trial, the seedlings were harvested
and the same growth parameters measured as above. Each pot
consisted of five seedlings with six replicate pots per treatment.
2.1.7. Statistical analysis
Germination and seedling growth data were analyzed using
GenStat® statistical package (version 12.1, VSN International,
Hemel Hempstead, U.K.). One-way analysis of variance
(ANOVA) was conducted and Duncan's multiple range test at
5% level of significance was used to separate treatment
means. Germination data were arcsine transformed before the
analysis.
3. Results
3.1. Seed viability, moisture content and imbibition
The TTC test of seeds of A. membranaceus showed 62.5%
viability, whereas seeds of M. officinalis and P. notoginseng
exhibited 100% viability. These seeds had 18%, 26% and
60% moisture content respectively. Water imbibition by the
seeds of M. officinalis and P. notoginseng was very low com-
pared to the seeds of A. membranaceus (Fig. 1). A total water
content increase of seeds of A. membranaceus from the begin-
ning until the end of 96 h was 234%.
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seed germination
Seeds of A. membranaceus exposed to temperatures of 10, 15
and 20 °C under alternating light conditions showed significantly
greater percentage and rate of germination compared to the tem-
peratures of 25 °C and above (Fig. 2A). Seeds incubated under
constant dark generally showed lower percentage germination
than the alternating light at all temperatures. M. officinalis seeds
at 15, 20 and 25 °C under alternating light conditions showed a
significant increase in rate and percentage of germination com-
pared to 10 and 35 °C. Seeds of this species incubated under con-
stant dark at 20 °C achieved significantly higher percentage and
rate of germination compared to 10, 35 and 30/15 °C (Fig. 2B).
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according to the Duncan's multiple range test at 5% level (Pb0.05). To=calculatedseeds were recorded at 10 °C under alternating light; the percent-
age germination was significantly lower from 20 °C and above
(Fig. 2C). Alternating 30/15 °C also significantly decreased per-
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conditions, the percentage germination at 10 °C was significantly
higher compared to 35 and 30/15 °C.
At 25 °C, seeds of A. membranaceus had a very low percent-
age germination under both alternating light and constant dark
and therefore seeds were tested at this temperature for the ef-
fects of different plant growth regulators. The results of this ex-
periment are presented in Fig. 3. Smoke-water treatment
(1:500 v/v) under alternating light significantly increased per-
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ly different. Smoke-water and other plant growth regulators
tested under dark conditions did not significantly increase or
decrease percentage and rate of germination of M. officinalis
and P. notoginseng (data not shown).
3.3. Effect of nutrient level and deficiency on seedling growth
Application of 50% HS to the seedlings of A. membranaceus
significantly increased shoot length, leaf and root numbers, and
shoot and root fresh and dry weight compared to 10% HS
(Table 1). Seedlings grown with 25% HS also showed a signif-
icant increase for some growth parameters. In the absence of N,
P or K most of the seedling growth parameters were significant-
ly reduced in comparison to the control (50% HS) (Table 1).
Shoot length and number of leaves were significantly lower inTable 1
Effect of nutrient level and deficiency on seedling growth of Astragalus membrana
transplanted into pots for nutrient level and deficiency treatments and were harveste
Treatment Shoot length
(mm)
Root length
(mm)
Leaves
(no.)
Roots
(no.)
Sh
(m
Nutrient level
10% HS 47±4 c 76±5 a 4.3±0.2 c 1.6±0.2 b 12
25% HS 70±7 b 79±5 a 5.1±0.1 b 3.8±0.3 a 26
50% HS 89±6 a 83±4 a 5.7±0.2 a 3.8±0.6 a 44
Nutrient deficiency
Control (50% HS) 152±10 a 91±5 ab 6.1±0.4 a 1.5±0.2 a 68
−N 49±4 c 94±5 a 2.8±0.1 d 1.1±0.1 b 98
−P 80±5 b 98±4 a 4.2±0.2 c 1.0±0.0 b 19
−K 85±5 b 77±6 b 5.0±0.2 b 1.0±0.0 b 22
Mean value in each column for nutrient level and deficiency with different letters is
(Pb0.05).the absence of N than in the absence of P and K. The root length,
number of roots and leaf area of M. officinalis seedlings at 10%
HS were significantly greater than at 50% HS (Table 2). In most
cases, seedlings grown with 10% HS, exhibited higher values
than 25% and 50% HS but generally these results were not sig-
nificantly different. The results of the nutrient deficiency exper-
iment show significant decreases in shoot length, number of
roots, shoot fresh weight and root dry weight compared to the
control seedlings, when seedlings of M. officinalis were grown
without K (Table 2). The nutrient levels of 25% and 50% signif-
icantly increased P. notoginseng seedling root length, leaf area,
shoot and root fresh and dry weights over 10% HS (Table 3). In
the absence of N and K from the nutrient solution, there was a
significant decrease in the leaf area, shoot length and shoot
fresh and dry weight of P. notoginseng seedlings. These results
were significantly different from the control (Table 3).ceus under greenhouse conditions. Pre-established seedlings (20-day-old) were
d after 35 and 45 days respectively.
oot fresh weight
g)
Root fresh weight
(mg)
Shoot dry weight
(mg)
Root dry weight
(mg)
8±18 c 159±20 b 27±5 b 28±4 b
0±27 b 202±19 ab 40±4 b 32±3 ab
6±46 a 256±28 a 55±7 a 46±6 a
8±121 a 162±34 a 114±19 a 28±6 a
.6±6.6 b 56±3 b 15.3±1 b 13±1 bc
8±10.1 b 117±10 a 34.5±2 b 21±2 ab
1±29.3 b 44±4 b 33.4±4 b 10±1 c
significantly different according to the Duncan's multiple range test at 5% level
Table 2
Effect of nutrient level and deficiency on seedling growth of Magnolia officinalis under greenhouse conditions. Pre-established seedlings (20-day-old) were trans-
planted into pots for nutrient level and deficiency treatments and were harvested after 35 and 45 days respectively.
Treatment Shoot length
(mm)
Root length
(mm)
Leaves
(no.)
Roots
(no.)
Leaf area
(cm2)
Shoot fresh weight
(mg)
Root fresh weight
(mg)
Shoot dry weight
(mg)
Root dry weight
(mg)
Nutrient level
10% HS 14.7±1.3 a 50.0±6.7 a 2.5±0.3 a 6.0±1.4 a 10.1±0.9 a 277±65 a 81.5±33.1 a 48.8±4.5 a 9.3±1.5 a
25% HS 13.0±2.7 a 33.7±18.2 ab 1.7±0.6 a 2.2±1.2 ab 5.1±2.3 b 236±29 a 59.8±15.6 a 48.3±3.9 a 5.8±3.1 a
50% HS 13.7±1.4 a 21.0±5.4 b 1.2±0.4 a 2.0±0.8 b 3.7±1.5 b 176±30 a 40.2±15.6 a 40.8±5.1 a 4.3±2.0 a
Nutrient deficiency
Control (50%
HS)
19.5±2.5 ab 91.5±6.1 a 3.2±0.5 a 13±2.8 a 17±3.3 ab 502±54 a 247±69 a 73.5±9 a 25.3±7.3 a
−N 19.5±1.5 ab 86.4±9.0 a 2.7±0.3 a 9±1.3 ab 12±0.8 ab 355±26 ab 196±38 a 61.9±5 a 18.4±2.7 ab
−P 20.6±1.2 a 84.8±6.0 a 3.0±0.4 a 11±2.5 a 20±5.3 a 486±86 a 204±60 a 71.7±12 a 23.8±6.0 a
−K 15.5±1.8 b 65.2±9.7 a 2.5±0.2 a 6±1.1 b 10±1.2 b 304±29 b 105±30 a 49.5±6 a 9.2±3.3 b
Mean value in each column for nutrient level and deficiency with different letters is significantly different according to the Duncan's multiple range test at 5% level
(Pb0.05).
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Seedlings of A. membranaceus treated with a low smoke-
water concentration of 1:500 v/v had a significantly increased
shoot length compared to the control seedlings. Although leaf
number, shoot fresh and dry weight showed greater values for
this treatment, they were significantly different from the control
seedlings (Fig. 4). Conversely, this concentration of smoke-
water showed a significant increase in all root growth parame-
ters over the control and a higher smoke-water concentration
of 1:250 v/v (Fig. 4). Smoke-water did not show any significant
effect on either germination or seedling growth (until 49 d) of
M. officinalis and P. notoginseng and therefore the results are
not discussed.
4. Discussion
Freshly collected seeds of A. membranaceus showed viability
over 60% with 18% moisture content. Many studies (Wang,
2009; Yang et al., 2006; Zhang et al., 2005a) have recommended
mechanical scarification or soaking of these seeds in warm water
for 24 h to improve imbibition rate before sowing them in theTable 3
Effect of nutrient level and deficiency on seedling growth of Panax notoginseng u
planted into pots for nutrient level and deficiency treatments and were harvested aft
Treatment Shoot length
(mm)
Root length
(mm)
Leaves
(no.)
Roots
(no.)
Leaf area
(cm2)
Nutrient level
10% HS 30.0±4.0 a 9.0±2.8 b 1.0±0.0 a 1.0±0.0 a 3.1±0.9 b
25% HS 36.0±2.6 a 21.4±3.1 a 1.0±0.0 a 1.0±0.0 a 5.4±0.4 a
50% HS 37.7±1.7 a 21.7±1.8 a 1.0±0.0 a 1.0±0.0 a 5.4±0.6 a
Nutrient deficiency
Control (50% HS) 49.7±3.1 a 42.2±2.3 b 1.0±0.0 a 1.0±0.0 a 15.2±1.2 a
−N 42.2±2.0 b 46.1±4.1 ab 1.0±0.0 a 1.0±0.0 a 8.9±1.2 b
−P 53.1±2.4 a 52.5±3.3 a 1.0±0.0 a 1.0±0.0 a 14.1±1.0 a
−K 34.8±1.8 c 40.1±3.1 b 1.0±0.0 a 1.0±0.0 a 6.3±1.2 b
Mean value in each column for nutrient level and deficiency with different letters is
(Pb0.05).field. However, our current study shows that even though imbibi-
tion took 4 days, seeds still imbibed a large amount of water
(~234% by weight) without scarification. Seeds of this species
achieved maximum germination when exposed to low tempera-
tures of 10 °C under alternating light. Generally, germination
was poor in constant dark conditions. Reports on commercial cul-
tivation of A. membranaceus have specified that these seeds usu-
ally germinate between 4 and 9 weeks after sowing. However, in
this study the mean germination time (MGT) was only 10 days at
10 °C with the highest germination. These results suggest that
seeds of A. membranaceus require low temperatures and light
for better and faster germination. As suggested by Wang
(2009), a cold stratification treatment may be useful for germina-
tion of stored seeds. In A. mongholicus Bunge, a freezing treat-
ment showed a two-fold increase in germination compared to
those with no treatment (Shibata and Hatakeyama, 1995). The
calculated optimum temperature (To) for A. membranaceus was
16.1 °C, an appropriate temperature for germinating or sowing
seeds of A. membranaceus. These seeds have shown better per-
formance in light than dark and therefore deep sowing is not
recommended. If the seed sowing of this species is delayed or
has to be done in areas with high or fluctuating temperatures,nder greenhouse conditions. Pre-established seedlings (20-day-old) were trans-
er 35 and 45 days respectively.
Shoot fresh weight
(mg)
Root fresh weight
(mg)
Shoot dry weight
(mg)
Root dry weight
(mg)
135±19 b 14.2±2.2 b 10.4±2.1 b 1.0±0.0 b
188±10 a 29.8±6.6 a 20.2±2.5 a 2.2±0.6 a
193±6 a 26.0±2.6 a 20.7±1.0 a 2.8±0.3 a
312±21.5 a 93.0±18.5 ab 41.0±3.9 a 12.7±2.5 a
226±11.9 bc 104.7±18.1 a 26.7±2.4 bc 9.7±2.1 ab
275±19.3 ab 73.3±14.0 ab 35.6±3.5 ab 10.7±1.7 a
181±18.7 c 55.0±9.0 b 24.3±2.6 c 4.7±0.4 b
significantly different according to the Duncan's multiple range test at 5% level
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Fig. 4. Effect of smoke-water (SW) concentrations on seedling growth of Astragalus membranaceus under greenhouse conditions. Bars (±SE) with different letters
are significantly different according to the Duncan's multiple range test at 5% level (Pb0.05).
68 J. Zhou et al. / South African Journal of Botany 79 (2012) 62–70then treatment of seeds with smoke-water can be useful since we
showed here that treating seeds with smoke-water at normal tem-
peratures results in a three-fold increase in percentage germina-
tion (Fig. 3). Similarly, in other species, smoke-water has been
shown to overcome the suppressive effects generated on germi-
nation by high and low temperatures (Ghebrehiwot et al.,
2009). The other plant growth regulators tested on this species
did not significantly promote germination.
Seedlings of A. membranaceus showed better performance
when the concentration of nutrients was increased (Table 1).Conversely, deficiency of one of the macronutrients negatively
affected seedling growth. These findings suggest that the seed-
lings of this medicinal plant species will require a fair amount
of fertilizer with appropriate levels of N, P and K added to soil
to achieve healthy growth. Paucity of N, P and K in the soil
can negatively affect the growth of roots (Anetai et al., 1996;
Zhang et al., 2005b; Zhao et al., 2002). Interestingly, the seed-
lings at a smoke-water concentration of 1:500 v/v exhibited a
very significant improvement for all root growth parameters
(Fig. 4). The roots of A. membranaceus are the main source of
69J. Zhou et al. / South African Journal of Botany 79 (2012) 62–70many herbal preparations and therefore the application of suit-
able smoke-water concentrations is promising in terms of in-
creasing root production. However, the key compounds such
as astragalans, astragalosides, flavonoids, phytosterols and
others present in the roots should be quantified in plants that
are grown with smoke-water. This study indicates that high con-
centrations of smoke-water can be detrimental, as there was a
strong inhibitory effect on the growth of A. membranaceus
seedlings. This suppressive effect on the growth with increasing
smoke-water application has been attributed to 3,4,5-trimethyl-
furan-2(5H)-one, present in the smoke-water, which inhibits
germination and also significantly reduces the effect of the ger-
mination promoter butenolide (Light et al., 2010). In this regard,
more growth studies using different dilutions of smoke-water
are necessary.
The seeds of M. officinalis showed 100% viability using the
TTC test with a moisture content of 26%. Water imbibition by
the seeds was very low which can be explained by the already
high moisture content of harvested seeds. A temperature of
35 °C was detrimental resulting in very low germination. In
comparison to the dark conditions, seeds germinated under al-
ternating light, exhibited better performance. Shu et al.
(2010a) reported similar findings for this species. Although
our study suggests an optimum temperature of 21.3 °C for ger-
mination of M. officinalis, the seeds from different locations
show a significant variation in germination (Shu et al.,
2010b). This also needs to be considered.
Increasing concentrations of nutrients decreased all the
growth parameters of M. officinalis seedlings. Deficiency of
N, P and K negatively affected the growth of seedlings. In par-
ticular, seedling growth was more affected in the absence of K.
These findings suggests that the seedlings of M. officinalis re-
quire all nutrients for healthy growth, the doses of nutrients or
fertilizers should be applied in low quantities.
Freshly collected seeds of P. notoginseng showed full viabil-
ity (100%) with the TTC test. Seed moisture content was very
high (60%) and seeds had imbibed only 13% after 96 h. The
lowest examined temperature of 10 °C under alternating light
conditions obtained maximum germination of P. notoginseng
seeds. Germination was better in alternating light (up to 20 °C)
than in dark conditions, which suggest that P. notoginseng
seeds require light.
Growth performance of seedlings of P. notoginseng was the
best at high nutrient levels. Seedling growth was poor when
there was no supply of one of the major macronutrients. In
particularly, the deficiency of K produced very unhealthy
seedlings. P. notoginseng is a typical high K-requiring species
and therefore application of additional potassium fertilizers is
essential (Jin et al., 2006).
5. Conclusions
Seeds of A. membranaceus take a relatively long time to
imbibe sufficient amounts of water. Low temperatures and
adequate light are necessary for achieving optimum germina-
tion of A. membranaceus seeds. At normal temperatures, use
of appropriate smoke-water concentrations can be beneficialfor better seed germination and seedling growth. Moderate
levels of fertilizers, especially additional N, can produce
healthy seedlings of A. membranaceus. Temperatures between
15 and 25 °C with sufficient light are suitable for maximum
germination of M. officinalis seeds. Seedlings should be
grown with low nutrients containing more K. The highest rate
of germination can be achieved at 10 °C with adequate light.
Seedlings of P. notoginseng require high levels of nutrients,
especially K.
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